The polyphenol composition and antioxidant properties of three Lysimachia species (L. nummularia L., L. vulgaris L. and L. punctata L.) and their column chromatographic fractions were investigated. The antioxidant activity of herb extracts and 54 different column chromatographic fractions was evaluated using in vitro DPPH
Several human diseases such as cancer, cardiovascular and neurodegenerative diseases are the results of oxidative stress [9] . Antioxidants can delay or inhibit the initiation or propagation of oxidative damage. Of the antioxidant compounds, phenoloids are widely distributed in nature. The flavonoids exhibit several activities, including antibacterial, antiviral, anticarcinogenic, antiallergenic and anti-inflammatory, and have the ability to reduce free radical formation and scavenge free radicals [10, 11] .
The aim of this work was to obtain a chemical screening method for analysis of Lysimachia species using complex chromatographic techniques. In order to perform an efficient screening of the extracts, biological assays and chemical analysis were used, respectively. Samples prepared by bioactivity-guided extraction were analyzed by RP-LC-DAD and RP-LC-MS/MS to either identify or tentatively characterize flavonol glycosides and phenolic acid compounds. Qualitative and quantitative data are discussed in relation to the plant species and to the extraction technology. In this study, the correlation of phytochemical characteristics and antioxidative properties of extracts and fractions of three Lysimachia species native in Hungary were examined for their flavonoid contents. The coupled techniques enabled a rapid initial screening providing preliminary information about chemical differences in native Lysimachia species.
In view of the impact of phenoloids to human health [10, 11] this study was undertaken to develop methods for the separation of flavonoids from other components and to gain information about the main polyphenol constituents of three Lysimachia species. Enrichment was achieved by using silica gel and polyamide fractionation. Silica gel CC, eluting first with chloroform followed by a stepwise change to 100% methanol and then 100% water provided 10 separate fractions (fraction LNM-1-10, LVM-1-10, LPM-1-10, respectively). TLC results showed that most of the fractions did not contain only phenolic type compounds. Polyamide CC, eluting first with water, followed by a stepwise change to 100% methanol, provided one fraction containing presumably triterpenoid saponins, and seven pure phenolic fractions (LNM-P-2-8, LVM-P-2-8, LPM-P-2-8, respectively). After a fast screen of these fractions, it was concluded that non-phenolic, probably triterpenoid saponinlike compounds were first to elute, followed by flavonoids.
Qualitative LC-MS/MS analyses of the three Lysimachia species resulted in identification of 15 components with each species containing them in various combinations and ratios. UV chromatograms of the methanolic crude extracts are shown in Figure1. Two phenolic acid derivatives, eleven flavonol-glycosides and two flavonol aglycones were detected in the samples (Table 1) . Compound 1 was identified as a caffeic acid derivative based on the presence of product ions at m/z 179 and 161 in both the test spectrum and that of authentic caffeic acid. This compound was detected in all three species. Compound 2 was detected only in Although ESI-MS/MS is not capable of providing accurate structural identification of flavonoid glycosides, it provides sufficient information regarding the aglycone structure and the glycan sequence [12] . The di-O-glycoside flavonoids can be distinguished from the O-glycoside flavonoids by the presence, absence and relative intensities of the characteristic product ions in the CID (collision-induced dissociation) spectra [13, 14] .
In our present study, one methoxy flavonoid, isorhamnetin-3-Odesoxyhexosyl-hexoside (13) was characterized only in L. vulgaris.
quercetin-3-O-pentoside (10), and quercetin-3-Odesoxyhexoside were characterized in a recent study, which is in good accordance with other papers [1, [15] [16] [17] . Compounds 9 and 7 were determined as rutin and myricitrin by comparison with authentic standards, respectively. Based on their fragmentation behavior and previous literature data, compounds 3, 5 and 12 were tentatively identified as quercetin-3-O-neohesperoside-7-Orhamnoside, myricetin-3-O-rutinoside and kaempferol-3-Orutinoside, respectively. In our previous work, the presence of compounds 3, 5, 7, 9 and 12 has been described [7] . The chemical structures of the identified compound are depicted in Figure 2 .
Based on chromatographic data (Figure1), the main compounds were quercetin-3-O-neohesperoside-7-O-rhamnoside and rutin in yellow loosestrife samples, and myricitrin in moneywort and spotted loosestrife samples. However, there are significant differences in the phenolic metabolites of the three closely related Lysimachia species. The morphological properties of spotted loosestrife are similar to those of yellow loosestrife. According to chemotaxonomic data, it belongs to Lysimachia subgenus group B, as well as creeping jenny, compared with yellow loosestrife, which belongs to Lysimachia subgenus group E. Based on our examination, the similarity in the phenolic secondary metabolites of the other two species is considerable. In view of the accumulation of 
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Polyphenol composition and antioxidant properties of three Lysimachia species Natural Product Communications Vol. 9 (10) 2014 1475 myricitrin and some further major components, L. punctata is close to L. nummularia, while accumulations of free flavonoid aglycones, which are completely absent from L. nummularia, but characteristic of L. vulgaris, makes it similar to the latter.
Several reports have conclusively shown a close relationship between antioxidant activity and the amount of total phenolics or total flavonoids [18, 19] . The amounts of total phenolics (related to pyrogallol) in the extracts / fractions of three Lysimachia species are shown is Table 2 . In general, polyamide column fractions present higher phenolic contents than crude extracts and silica gel fractions. The mean total phenolic contents were 20.3 and 58.6 g/100 g dried extract of the silica gel and polyamide fractions, respectively. The highest content (99.3±5.1 g/100 g dried extract) was found in polyamide fraction 5 of L. nummularia, and the lowest value (4.1±0.3 g/100 g dried extract) in the silica gel fraction 1 of L. nummularia. Between silica gel fractions, an outstanding value was measured in fraction 10 of L. vulgaris (82.8±4.4 g/100 g dried extract), which confirmed and was explained by the mass spectrometric analyses.
DPPH
• and ABTS •+ systems were used for the primary screening of the antiradical activities of both the column chromatography fractions of Lysimachia aerial parts and reference compound. The antioxidant activities of the first polyamide column chromatography fractions were not investigated because of the absence of flavonoid and phenolic acid compounds based on TLC analyses. The results demonstrate that the various fractions investigated have a significant hydrogen -and electron-donating ability, which are concentration dependent in the presence of DPPH
• and ABTS •+ radical. Figure 3 shows the antioxidant activity of 5 standard compounds, crude extracts of the three Lysimachia species and their CC fractions.
Based on the results obtained, we can draw the following conclusions. The flavonoid standards confirmed that the free-radical scavenging activity is in strong relation to the number and glycosylation status of the OH groups [20] . Among the crude extracts L. punctata proved to have the strongest hydrogen donor capacity with a mean IC 50 of 43.3±2.2 µg/mL, followed by L. nummularia and L. vulgaris 52.4±3.5 µg/mL and 78.6±3.8 µg/mL, respectively. In the ABTS
•+ system the same trend was observed for 50% inhibition values, 21.3±0.6 µg/mL, 24.8±0.7 µg/mL and 53.6±1.0 µg/mL, respectively. Among the silica gel column fractions, the last fractions of yellow loosestrife and moneywort and, in the case of spotted loosestrife, the penultimate fraction had the highest free radical scavenging capacity in both methods. In contrast, the enriched fractions from the polyamide column had better effects than the silica gel fractions. The IC 50 values of the 5 th polyamide fractions of creeping jenny extracts were 5.5±0.4 µg/mL and 5.9±0.8 µg/mL in the DPPH
• and ABTS •+ systems, respectively. Similarly high activity was measured in the case of L. punctata and L. vulgaris fractions as well.
The IC 50 value of quercetin was 1.6 times (DPPH • assay) and 4.8 times (ABTS •+ assay) lower than that of the flavonoid fraction with the lowest IC 50 value (polyamide fraction 5 of L. nummularia). The IC 50 values of glycosylated flavonoids (rutin and myricitrin) were much more comparable with those of the polyamide column fractions. The identified main flavonoids of Lysimachia species presented as O-glycosides, which have obviously lower scavenging activity than flavonoid aglycones as minor components. Antioxidant activity of some silica gel fractions was significantly lower than that of the whole methanol extract, and thus synergistic antioxidative effects between the components were presumed. Though the polyamide fractions have higher activity than the silica gel fractions and crude extracts it can explain the absence of other not identified components that may impair the free radical scavenging effect; on the other hand, either synergism between phenolic compounds or the enrichment of flavonoids in these purified fractions can also explain this effect. Antioxidant activity data were plotted as IC 50 -1 against total polyphenol contents, and Student's t-test was applied to evaluate correlation between the variables (Figure 4 ). The correlation of total polyphenol content and radical scavenging activity was considered as highly significant for the set of all the samples. Table 2 shows the regression coefficient and linear regression equation. The findings could indicate that, in general, the antioxidant power of Lysimachia fractions is determined by their polyphenol content. Considering each group separately, we find that polyamide fractions of Lysimachia samples are better correlated than silica gel fractions; the correlation coefficients were around 0.8000. In the case of silica gel fractions, the r 2 values were between 0.7416 to 0.7540. This result can be explained by the presence of other, currently not identified components of some silica gel fractions which may influence the IC 50 values. Summarizing, the content of total phenolic compounds has been shown to be positively correlated with antioxidant ability. Therefore, the variation in the contents of phenolic and flavonoid compounds was quantitatively measured to elucidate the potential mechanism of this synergistic effect.
The LC method was developed for qualitative and quantitative analyses of phenolic compounds in alcoholic extracts and fractions of three Lysimachia species. The quantity of compounds was determined by LC-DAD. Detection wavelength of 350 nm and 280 nm was chosen for the quantitation of flavonoid derivatives and chlorogenic acid, respectively. The performed gradient elution ensured a good resolution for the main compounds, and linear regression analyses were applied by the use of external calibration. Linearity was determined by analyzing kaempferol, quercetin, rutin, myricetin-3-O-rhamnoside and chlorogenic acid authentic standards at five concentrations from 1-300 µg/mL, each in triplicate. The results of selected samples are summarized in Table 3 . The choices were made in order to explain the connections between the composition and antioxidant activity and polyphenol content. The validation parameters of the method are summarized in Supplementary data.
After qualitative analyses of the silica gel fractions it was concluded, that flavonoid aglycones were first to eluate, followed by phenolic acid derivatives like chlorogenic acid, then flavonoids with a sugar moiety. These data are reflected in the quantitative values. The first few fractions are rich in quercetin and kaempferol, as shown in the case of L. vulgaris and L. punctata. In fraction LVM5, chlorogenic acid was enriched compared with others, and mainly glycosides were found in the last fractions. The quantitative data of the silica gel fractions are in good accordance with their radical scavenging activity and polyphenol content.
Based on quantitative measurements of the polyamide fractions it was concluded that those fractions containing higher amounts of flavonoid glycosides and myricetin aglycone have an outstanding antioxidant capacity. In these samples the high quercetin-glycoside content also contributed to the radical scavenging activity. The highest myricitrin content was found in polyamide fraction 5 of L. nummularia, 329.4±10.5 mg/g. The results demonstrate that differences in antioxidant effect between individual fractions and different species are well explained by the quantitative contents of the samples.
This study presents a detailed investigation of the polyphenol composition of L. vulgaris, L. nummularia and L. punctata. As far as we know, quantitative data regarding flavonoids and phenolic acids of moneywort, yellow loosestrife and spotted loosestrife have not been reported before. We aimed to evaluate the possible effects of various preparation and enrichment methods on the antioxidant properties of different Lysimachia species. Extracts containing higher contents of myricetin aglycone and chlorogenic acid proved to be more effective at scavenging DPPH • and ABTS •+ radicals than others. The LC/MS method enables effective comparison of the different species and exact identification of the chemical structure. The measured strong antioxidant activity and relatively high flavonoid and polyphenol contents of L. nummularia in comparison with the other studied species, most probably contribute to its advantageous effects. According to our results, the flavonoid composition of Lysimachia species show significant differences.
Experimental
Chemicals: Methanol, chloroform, n-butanol, ethanol, acetic acid, formic acid, and sulfuric acid of reagent grade were obtained from Sigma-Aldrich Chemie GmbH (Steinhein, Germany), Molar Chemicals Kft. (Budapest, Hungary) and Reanal Zrt. (Budapest, Hungary). Acetonitrile and methanol of LC supergradient grade, kaempferol, quercetin, rutin, myricitrin, chlorogenic acid, and caffeic acid, Naturstoff, DPPH
• and ABTS •+ were supplied by Sigma-Aldrich Chemie GmbH (Steinheim, Germany). The deionized water was prepared with a Milli-Q Direct 8 Millipore system (Bedford, Ma, USA). Silica gel 60 (0,063-0,0200 mm) and MN polyamide SC-9 were obtained from Merck KGaA (Darmstadt, Germany) and ICN Biomedicals GmbH (Eschwege, Germany), Instruments: For chromatographic separation, an Agilent 1260 Infinity HPLC system was used (Agilent Technologies, Waldbronn, Germany). Tandem mass spectrometric (MS/MS) analyses were performed on an Agilent 6460 triple quadrupole system equipped with a JetStream (ESI) ion source. Accurate mass data were acquired on an Agilent 6230 time-of-flight (TOF) mass spectrometer equipped with a JetStream ESI source. Mass spectra were processed by Agilent MassHunter B.03.01 software. For determination of the total phenolic contents and antioxidant capacity a Hitachi U-2000 spectrophotometer (Hitachi Ltd, Tokyo, Japan) was used.
and L. vulgaris L. were obtained from Bükk National Park. The samples were dried at room temperature and authenticated in the Department of Pharmacognosy, Semmelweis University, Budapest, where voucher specimens are deposited.
Extractions and sample preparation: Soxhlet extraction was performed using laboratory-scale apparatus. Dried and milled herb (L. nummularia 16.47 g, L. vulgaris 17.72 g, L. punctata 15.79 g) was extracted with 250 mL of chloroform for 6 h at 60 º C, followed by methanol extraction for 6 h at 90 º C, according to the guidance of Ph. Eur. 5 [21] . The extracts were evaporated to dryness under reduced pressure in a rotary evaporator at 50 º C. The dried methanolic extracts (L. nummularia (LNM) 2.304 g, L. vulgaris (LVM) 1.723 g, L. punctata (LPM) 1.495 g) were obtained and subjected to the following phytochemical and bioassay studies.
Samples (0.6 g) were re-dissolved in 10 mL methanol and extracts were added to either 1 g silica gel or 1 g polyamide, and, during evaporation of the solvent, permanently homogenized. A suspension of silica gel (60 g) with chloroform (150 mL) and a suspension of polyamide (30 g) with water (220 mL) were prepared and added to glass columns. The final length and diameter of the bed was 300 mm and 16.5 mm, respectively. The samples were eluted with the solvent mixtures shown in Table 4 . The collected volume of fractions was 50 mL and 20 mL in the case of silica gel and polyamide columns, respectively. Fingerprints of the eluates were checked by TLC; those of similar fingerprint were combined and used for further studies. Table 4 : Eluent mixtures applied in silica gel and polyamide column chromatography (proportions by volume (mL)).
Silica gel Chloroform Methanol Water
Polyamide Methanol  Water  1  50  0  0  1  0  60  2  40  10  0  2  3  27  3  30  20  0  3  6  24  4  25  25  0  4  9  21  5  20  30  0  5  12  18  6  10  40  0  6  15  15  7  0  150  0  7  18  12  8  0  40  10  8  21  9  9  0  30  20  9  24  6  10  0  20  30  10  27  3  11  0  10  40  11  210  0  12  0  0  100 The solvent systems used for TLC were 1: EtAc-CH 3 Quantitative analyses and method validation: An external standard method was utilized for the quantification. Quantities of phenolic compounds of Lysimachia species were determined by LC-DAD. A standard solution for the calibration was diluted to concentrations of 1, 10, 50, 150 and 300 µg/mL using kaempferol, quercetin, rutin, myricetin-3-O-rhamnoside and chlorogenic acid standards in 80%, v/v, methanol. Each standard solution was prepared in triplicate and injected once. A calibration plot was constructed by plotting peak areas against corresponding concentrations. Slope, intercept and correlation coefficient were determined by least squares polynomial quantitation regression analysis. Parameters for limit of detection (LOD) and quantitation (LOQ) were determined at 3:1 and 10:1 signal to noise ratios, respectively. Quality control samples were prepared at concentrations of 1, 50 and 300 µg/mL for the standard solution. These were used to determine both the intraday and the interday precision (low, mid-, and high concentrations of the standard in 3 parallel runs on the same day and on 3 successive days, respectively). Retention time repeatability was checked with 6 successive runs of the L. vulgaris, L. nummularia, and L. punctata extracts. Blank samples (pure solvent) were analyzed to check the occurrence of any impurity or co-elution.
Determination of total phenolic contents:
Contents of polyphenols in the fractions were determined by applying the Folin-Ciocalteu UV-VIS spectrophotometric methods of Ph. Eur. 5 [21] , with some modification. Briefly, 100 µL of sample was mixed with 10 mL distilled water, 1 mL of Folin-Ciocalteu reagent and a solution of sodium carbonate (290 g/L) to make a total volume of 25 mL. The solution was agitated to homogenize it and left to stand for 30 min for the reaction to take place and stabilize. The absorbance at 760 nm was determined by a spectrophotometer with 10 mm cuvettes. The calibration curve was prepared with pyrogallol solution ranging from 0 to 1000 mg/L and the results were related to pyrogallol. All analyses were run in triplicate and averaged. The results are expressed as mean values and standard deviation (SD).
Antioxidant activity: Antioxidant activity was determined by spectrophotometric in vitro decolorization assay using DPPH • (1,1-diphenyl-2-picrylhydrazyl) and ABTS
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ethylbenzothiazoline-6-sulfonic acid) diammonium salt) as free radicals. The DPPH • method was developed by Blois [22] and the ABTS
•+ method by Re and co-workers [23] . Both methods were applied with some modification. DPPH
• was dissolved in HPLC grade methanol to 0.25 g/L concentration. Ten mg ABTS
•+ was dissolved in 2.6 mL HPLC grade water and reacted with 1.72 mg potassium persulfate. The DPPH
• stock solution was diluted with HPLC grade methanol and he ABTS
•+ solution with spectroscopic grade ethanol to absorbances of 0.900±0.05 at 515 nm and 734 nm, respectively, immediately before measurement. At least 5 different volumes of the diluted sample were added to 2.5 mL DPPH
• and ABTS
•+ solution resulting in different final concentrations and producing inhibition of the blank solvent between 20% -80%. Absorbance values were measured after 6 min. The inhibition percentage produced by a given sample concentration was calculated from the following equation: (A 0 -A t )/A t *100, where A t = the extrapolated final absorbance, and A 0 = the absorbance of the blank solvent.
The antioxidant activity was characterized by plotting the inhibition percentage of the samples as a function of sample concentration followed by linear regression. For comparison, solutions of caffeic acid, chlorogenic acid, kaempferol, quercetin, rutin and myricitrin were studied with both free radicals. All analyses were run in triplicate and averaged. The results are expressed as mean values and standard deviation (SD). For Lysimachia fractions, antioxidant activity data were plotted as IC 50 -1 (mL/mg) against total polyphenol contents (g/100g dried extract). In order to evaluate correlation, Student's t-test was applied. Correlation between polyphenol contents and radical scavenging efficiency was quantified by the correlation factor "r". A p value < 0.05 was considered statistically significant.
Supplementary data:
The developed quantitative HPLC-DAD method was validated. The parameters of the analytical curves, LOD and LOQ values as far as precision and accuracy data are summarized.
